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Description 

BACKGROUND OF THE INVENTION 

5 1 .FIELD OF THE INVENTION 

[0001] This invention relates to a cart)onaceous negative electrode material for nonagueous secondary batteries, a 
process for producing the negative electrode material, and a nonaqueous secondary battery containing the negative 
electrode nnterial. K^re particularly rt relates to a cart^onaceous material having a ^^ecrfic micropore size distribution 
10 and amount which is particularly suited as a negative electrode material of nonaqueous secondary batteries, a process 
for producing the same, and a nonaquraus secondary battery typified by a lithium ionsecondary tiattery, which is suit- 
atiie for use in compact and light electronic equipment. 

2.DESCRIPTION OF THE RELATED ART 

[0002] The demand for rechargeakDie secondary batteries has been increaang in pursuit of reduction of size and 
weight and improvement of function of electronic equipment. Clean nonaqu^xjs batteries, such as nickei*hydrogen or 
lithium batteries, have been attracting attention as batteries meeting the demand, taking the place of lead or nickel-cad- 
mium batteries from the viewpoirrt of power saving and environmental consen/ation. In particular, lithium ion secondary 

20 batteries have been gaining weight from their lightness and high voltage and been put to practical use. Lithium ion sec- 
ondary Isatteries developed in the early years used metalfic lithium in the negative electrode, which turned out disad- 
vantageous in that a dendrite grows from metallic lithium to cause an internal short-circuit. Then materials capable of 
intercalating and deintercalating lithium ion have been developed in place of metallic lithium. Along this line. cariDona- 
ceous materials, such as coke. an6 graphite mate-ials, such as natural graphite, have been used mainly (see JP-A-2- 

25 90863. JP-A- 1-221 859. and JP-A-63-121257. the term "JP-A" as us^ herein means an "unexamined put^lished Japa- 
nese patent application"). 

[0003] Of the cart^neous materials and the graphite materials, the cart>oneous materials prepared by calcining at 
relatively low temperatures, for example ISOO^C or lower, can be seen as promising as high-capacity and low-cost neg- 
ative electrode materials. On the other hand, although cartxxiaceous materials are relatively inexpensive and safe and 
30 have a high charge capacity in the initial stage of use. their charge and discharge capacity in the later stage is about 
2/3 of the theoretical capacity density of cartx>n-graphite materials (372 mAh/g). Batteries containing the conventfonal 
cartx>naceous materials are not sattstectory in charge and discharge capacity and efficiency, leaving room for improve- 
ment. 

[0004] The inventors of the present invention previously found that the high initial charge capacity of a carbonaceois 
35 material owes to its volatile matter, that the volatile matter which is released on heating is partly cartxsnized to interfere 
with the nranifestation of the capacity of the carbonaceous material, and that the volatile matter can be removed effi- 
ciently by pulverizing the carbonaceous material followed by heating at a high temperature (calcination) thereby to sup- 
press remaining of the cart)onized volatile matter. These findings were filed for a patent (JP-A-8-28791 1). 

40 SUMMARY OF THE INVENTION 

[0005] As a result of further study, the inventors have reached the findings that the remained volatile matter, especially 
free organic high-molecular substances, which has been a main cause of the above-mentioned problem can be 
removed efficiently by subjecting fine cartxMiaceous powder to specific heat treatment to obtain a cartx>naceous mate- 
45 rial having a controlled micropore size distribution and thereby exhibiting improved charge and discharge capacity and 
efficiency when used as a negative electrode material in a nonaqueous secondary battery. 

[0006] Completed based on the above findings, the present inverrtion provides a carbonaceous negative electrode 
material for nonaqueous secondary batteries having (i) not less than 2x10'^ cc/g of pores having a diameter of sn^ller 
than 8 A and (ii) not more than 15x10"^ cc/g of pores having a diameter of 8 to 18 A. 
so [0007] The present invention further provides a nonaqueous secondary battery containing the cart)onaceous material 
as a negative electrode material. 

[0008] The present invention furthermore provides a process for producing a cartxmaceous negative electrode mate- 
rial for nonaqueous secondary batteries comprising heating a particulate cartx>naceous ntaterial having an average 
partide size of not greater than 100 ^ at a temperature of 250 to 6Sa*C in an inert gas atmosphere and then heating 
55 (calcining) the particles at a temperature of 700 to 1500*^0 in an inert gas atmosphere (hereinafter refen-ed to as a first 
process), or heating a particulate cartx>naceous material having an average particle size of not greater than 100 at 
a temperature of 50 to 400*^0 in an oxidative atmosphere and then heating (calcining) the particles at a temperature of 
700 to ISOC'C in an inert gas atmosphere (hereinafter referred to as a second process). 
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[0009] In the second process, the heating at 50 to AOC'C in an oxidising gas atmosphere can be preceded and/or 
followed by a heat treatment at a tenperature of 250 to S5(yC in an inert gas atmosphere (hereinafter referred to as a 
third process). 

[001 0] According to the present invention, a negative electrode material for nonaqueous secondary batteries having 
5 a high capacity and a high efficiency can be obtained with ease from inexpensive cartx>naceous raw materials. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] 

10 

Rg. 1 is a cross section of a button type nonaqueous secorxlary battery. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

IS [0012] The cartx3naceous material which can be used as a raw material in the present invention includes coke 
obtained by coking heavy petroleum fractions, such as FCC (fluidized bed catalytic cracking) residual oil, EHE oil (by- 
produced oil in ethylene production), atmospheric residual oil, and low pressure residual oil; heavy coal fractions, such 
as coal tar and coal tar pitch; or tarry substances obtained by heating polycyclic aromatic compounds, such as naph- 
thalene and anthracene, in a delayed coker, an autoclave, etc. at about 400 to SOO^C. 

20 [001 3] Cartxsnaceous materials obtained by carbonizing phenolic resins, furan resins, wood, bamboo, coal, etc. at a 
relatively low tenperature. e.g.. 700^0 or lower are also useful. 

[0014] It is preferred for these cartx)naceous raw materials to have a volatile content of not greater than 30% by 
weight particularly not greater than 15% by weight, especially not greater than 10% by weight. The effects of the 
present invention can be obtained even in using a raw material having a volatile content exceeding 30%. In this case, 
25 however, a long time would be required for a first stage heat treatment, the finely particulate carbonaceous n^terial may 
tend to be fused on heating to make release of the volatile matter hardly, or dust explosion of the particulate cart)ona- 
ceous material may tend to occur during pulverization. 

[001 5] The carbonaceous negative electrode material of the present invention can be obtained by pulverizing the raw 
cart>onaceous material and subjecting the resulting particulate cartx>naceous material to at least two-divided heat treat- 

30 ments. Pulverization prior to heat treatment is of importance. Pulverization is carried out to reduce the average particle 
size to 100 ^m or smaller, preferably 50 ^m or smaller. The practical lower limit of the pulverized particle size is 1 ^m. 
The manner of pulverization and operations for particle size regulation, such as classification, are not particularly lim- 
ited. For example, commonly employed pulverizers, such as an impact pulverizer and an attrition mill, and various air 
ciassrfters, such as a sieve, can be used. For securing efficiency of volatile matter removal, it is preferred that the result- 

35 ing particles do not practically contain particles of 500 ^m or greater, particularly 200 ^lm or greater. In the case tiiat 
maximum diameter of the particles excesses 500 \im, rennoval efficiency of volatile matter is easy to be lowered and it 
is difficult to obtain an electrode having a uniform thickness. Further it is more difficult to make the thickness of tiie elec- 
trode thinner so that the si^ce area of the electrode is enlarged. 

[0016] In the first process of the invention, the pulverized cart)onaceous material is subjected to a frst stage heat 
40 treatment at 250 to 650*0 in an inert gas atmosphere and then to a second stage heat treatment at 700 to ISOO^'C in 
an inert gas atmosphere (two-stage heat treatment). While not limiting, the first stage heat treatment Is usually per- 
formed In a rotary kiln, an electric furnace, etc. A preferred heating temperature of the first stage heat treatment is 300 
to SSO^'C. particularly 400 to 550*C. The heating time varies depending on tiie particle size or the state of the particles 
to be heated. The heating is continued until the volatile matter is substantially eliminated at a heating temperature 
45 selected from the range 250 to 650°C, usually until the volatile cx>ntent is reduced to 3% by weight or lower, preferably 
1% by weight or lower, which usually takes 5 hours at tiie longest 

[0017] In order to fedlitate release of the volatile matter by heating, it is preferable to put the particles in a layer as 
thin as about 50 mm or less, to agitate ttie particles so that the particle surface may always be in contact with air. or to 
fluldize the particles by gas. It is also preferred to add an auxiliary means for removing the released volatile matter by 
so conducting the heat treatment under low pressure or to sweep the released volatile matter with a large quantity of gas. 
[0018] By this first stage heat treatment the most of the volatile content in the particles, especially tiie most of the 
volatile matter derived from free organic compounds can be released. 

[0019] The particles are then subjected to a second stage heat treatment at 700 to 1500'*C in an inert gas atmos- 
phere. The heating means is not particularly limited and includes a rotary Win and an electric furnace similarly to the 
55 first stage heat treatment. The second stage heat treatment may be carried out in a system separate from the first stage 
heat treatment or a system continuous from the first stage heat treatment. In the latter case, it is desirable to take care 
to prevent the vapor released in the first stage treatment from entering tiie second heating zone and from being re-car- 
bonized and re-deposited. 
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[0020] The second stage heat treatment should be conducted in a substantially inert atmosphere. A preferred heating 
temperature is 800 to 1200''C. While d^endent on the desired battery performance, a still preferred heating tempera- 
ture is 1000 to 1200*^0. The heating is continued until the cart)onization reaction completes substantially at a tempera- 
ture selected, usually for a period of 15 minutes to 2 hours. 

5 [0021 ] In order to release any volatile matter remaining after the first stage heat treatment early and rapidly, it is pref- 
erable to put the particles in a layer as thin as about 50 mm or less, to agitate the particles so that the partide surface 
may always be in contact with air. or to f fuidize the particles by gas. For the same purpose, it is also preferred to conduct 
the heat treatment under low pressure or to sweep the remained volatile matter with a large quantity of gas. 
[0022] In the second process of the present invention, tiie pulverized cartx)naceous material is first subjected to a 

10 heat treatment at 50 to 4O0''C in an oxidizing gas atmosphere (hereinafter sometimes refened to as a first stage heat 
treatinent (an oxidizing gas treatment)), which is usually carried out, while not limiting, in a rotary kiln, an electric fur- 
nace or a drying apparatus. 

[0023] The heating temperature and time vary depending on the particle size or the state of the particles and the kind 
of the oxidizing gas used. In using air. for example, the treatment Is usually performed at a temperature of 250 to 400*C 

IS for 30 minutes to 10 hours. In using NOy. SO^. halogen gas. etc. in combination with air. the treatment is usually con- 
ducted at a temperature of 50 to 200''C for atxxjt 1 5 minutes to 3 hours. The heating corxfitions are of necessity not 
limited to tiiese ranges and can be selected appropriately according to the desired degree of treatment. 
[0024] Similariy to tiie first process, the first stage heat treatment is preferably carried out with the particles made into 
a layer as thin as about 50 mm or less or while agitating the particles to always maintain the particles in contact witii air 

20 or f iuidizing the particles by gas thereby to facilitate uniform progress of the oxidation reaction and release of the volatile 
matter. 

[0025] The first stage heat treatament of the second process is the same as the first stage heat treatment of tfie first 
process in that the volatile matter is released by heating. In addition thereto, the volatile matter simultaneously under- 
goes oxidation to have a structure easier to release by heating (to have such a chemical bond as an -O- bond). As a 
25 result, the volatile matter is released more easily, and the residual volatile matter that cannot be release by the first 
stage heat tireatment will be released long before the start of cart>onization induced by the subsequent second stage 
heat treatment in an inert gas atinosphere. 

[0026] Compared with the first process, the second process achieves an increased volume of miaopores in which 
lithium ion is intercalated probak>ly because the chemical bond is also form&j among the cariDonaceous microcrystal- 
30 lites by the oxidation reaction and remains until the start of the cartx>nization reaction in the subsequent second stage 
heat treatment in an inert atmosphere. 

[0027] After completion of the first stage heat treatment, the particles are subjected to a second stage heating treat- 
ment at 700 to 1500''C in an inert gas atmosphere in tiie same manner as for tiie second stage heat treatment of tiie 
first process. 

35 [0028] In tiie tiiird process of the invention, the first stage heat treatment in an oxidizing gas atmo^here of the second 
process is combined with the two-stage heat treatment of the first process in an inert atmosphere to furtiier ensure tiie 
release of the volatile matter. The third process is particularly effective where the temperature of the heat treatinent in 
the oxidizing gas atmosphere is low or where the raw caibonaceous material used has a high volatile content. In this 
process, tiie heat treatment in an oxidizing atmosphere can be carried out before and/or after, preferably before, the 

40 heat treatment at 250 to 650*^0 in an inert gas atmosphere. Finally, the treated particles are subjected to the heat treat- 
ment at 700 to 1500*'C In an inert gas atmosphere. 

[0029] The particulate cartsonaceous material thus produced has micropores having a diameter smaller than 8 A 
which are suited to intercalate lithium ion in a total volume of not less tiian 2x10*^ cc/g and greater pores having a 
diameter of 8 to 18 A which incur deactivation of the micropores (smaller than 8 A) in a total volume of not more than 
45 15x10'^ cc/g. The particulate cartxsnaceous material preferak^ly has a volatile content of not more than 1% by weight 
from the standpoint of charge and discharge capacity. 

[0030] The size of the carbonaceous crystallites which is the greatest factor decisive for the total volume of micropo- 
res of smaller diameter than 8 A varies depending on the raw cart)onaceous material. It usually ranges from 10 to 50 A 
in terms of crystal thickness (Lc) and from 3.40 to 3.55 A in terms of lattice spacing of a 002 lattice (d002) as measured 
so by X-ray diffractometry. 

[0031] The size and volume of the pores are measured by a BET nitrogen adsorption method by use of. for example. 
AUTOSORB-1 manufactured by Quantachrom. 

[0032] The fbliowtng mechanism seems to control the formation of the novel cariDonaceous negative electrode mate- 
rial of the present invention under the selected conditions and the manifestation of tiie excellent effects of tiie cartx>na- 
55 ceous negative electrode material. 

[0033] The raw cartx)r»ceous material contains volatile matter, which is composed chiefly of free organic conrpouncfe 
having relatively low molecular weights and low-molecular organic compounds released from the cartx>naceous skele- 
ton with the progress of cartx)nization. These volatile corrpounds are vaporized and released from the carlsonaceous 
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material on heating at high temperatures. On the other hand, the progress of cartDonization by heating is accompanied 
by shrinkage of the skeleton. If the volatile matter is released in this stage of shrinkage, it develops fine cracks in the 
carlx)naceous skeleton to form the route of escape under mutual actior^ of pressure of gasification and pressure of 
shrinkage, resultirrg in formation of pores having relatively small sizes. The greater partide size has the cartx)naceous 

5 material, tiie more noticeable becomes tills tendency. 

[0034] Litiiium ion intercalation by a cart>onaceous negative electrode material in a lithium bn secondary battery con- 
sists of intercalation between layers of crystallites constituting the cartx>naceous material (a precursor of graphite crys- 
tals), i.e.. between 002 lattices c^tained by X-ray diffractometry and intercalation in miaopores of several angstroms 
among the crystallites. In the latter mode of lithium ion intercalation, if the micropores are connects to greater pores 

10 to form open pores, tiie intercalation activity and efficiency are lost Therefore, a large volume of miaopores does not 
lead to increases in charge and discharge capacity and efficiency in the presence of a large volume of greater pores. 
[0035] According to tiie first process of tiie present invention, because a raw cartxsnaceous material is heated In a 
finely pulverized state, tiie volatile matter can escape easily so that the most part of tiie volatile matter is released 
before the progress of carbonization is accelerated. Formation of relatively large pores due to the release of the vapor 

IS is tiius siq^pressed while carbonization proceeds. At tiie same time, the pores which have been formed by the release 
of vapor in tiie initial stage of heat treatment are collapsed to disappear or reduced to smaller pores by tiie pressure of 
shrinkage with the progress of cartx>nization. As a result, it is possible to prevent formation of open pores connected to 
micropores into which lithium ion is to be intercalated. 

[0036] As a result of tiie first stage heat ti-eatment at 250 to escC in an inert gas atonosphere, release of tiie volatile 
20 matter almost completes before tiie commencement of caitx)nization. so tiiat the effects of the second stage heat treat- 
ment at 700 to ISOO'^C in an inert gas atmosphere can be exerted easily. 

[0037] In the second and third processes of the present invention, the heat t-eatment at 50 to 400**C in an oxidizing 
gas atmosphere causes the carbonaceous material to react with the oxidizing gas to generate a structure easier to 
release by heating (a chemical bond) in the volatile compounds. As a result, manifestation of the effects of the above- 
25 described heat treatment at 250 to 650^0 or 700 to 1 500**C is ensured, and also the total volume of the micropores for 
lithium ion intercalatk)n increases. 

[0038] Therefore, ft is preferable to combine tiie heat ti-eatment at 250 to 650^C in an inert gas atmo^here and tiie 
heat ti^eatment at 700 to 1 SOO'^C in an inert gas atmosphere with the heat treatment at 50 to 400'' C in an oxkiizing gas 
atmosphere. 

30 [0039] The resulting cartK)naceous material can be used as a negative elecb-ode material of nonaqueous secondary 
t>atteries, such as lithium ion secondary batteries. 

[0040] For use as a negative electrode material, the cartxKiaceous material of the present invention Is mixed with a 
binder, a solvent (supporting medium), etc.. and tiie resulting pasty mixture is applied to metallic foil, such as copper 
foil, dried, and conrpressed. Example of useful bhders include polyvinylkJene fluoride, pdytetraf luoroethyfene. potyeth- 

35 ylene. and synthetic rubber. Suitable solvents include N-methyl-2-pyn'olidone. dimethylformamide. and water. 

[0041 ] A positive electi-ode material and an electi-olytic solution (a solution of an electrolyte in a nonaqueous solvent) 
which can be us«J in nonaqueous secondary batteries are not particularly limited, and any conventional materials can 
be used. Examples of suitafc)le positive electi-ode active materials include LiCo02. Mn02. T1S2. FeSa. Nt>3S4. IVIn3S4. 
C0S2. V2O5. P2O5. CrOs, V3O8, Te02. and Ge02. Examples of suitable electrolytes are UCIO4. UBF4. and UPFg. 

40 Example of the nonaqueous solvents for dissolving tiie electrolyte include propylene cartwnate. tetrahydrofuran, 1,2- 
dimethoxyethane. dimetiiyl sulfoxide, dioxolane. dimethylformamide. cOmethylacelamide, and mixtures thereof. 
[0042] As a separator, porous material is used for preference for decreasing the Internal resistance of a battery. Sep- 
arators made of organic solvent-resistant materials, such as nonwoven fabric of polypropylene, etc. and a glass filter 
are used. 

45 [0043] The negative electi-ode, positive electrode, and separator are generally put into a battery case made of stain- 
less steel or nick^iDlated stainless steel. The battery can have a cylindrical form in which a positive electi-ode and a 
negative electrode both having a band form are roiled with a separator tiierebetween or a button form in which a positive 
electrode pellet and a negative electrode disc are put in a button-shaped case with a separator therebetween. 
[0044] The present invention will now be illustrated in greater detail witii reference to Examples, but it shouki be 

so understood tiiat the present invention is not consb-ued as being limited thereto. Unless otherwise noted, all the percents 
are by weight. 

EXAMPLE 1 

ss [0045] Green coke having a volatile content of 5.4% which was obtained by coking coal tar was pulverized in a jet mill 
to obtain fine particles having an average particle size of 12 ^ and a n^imum particle size of 40 ^m. The particles 
were put in a stainless steel-made tray in a layer 10 mm thick. The ti-ay was placed in a box type electric furnace and 
heated up to 450''C at a rate of temperature rise of 1 0'^C/min in a nifrogen sti^eam. at which the particles were kept for 
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1 hour to conduct a first stage heat treatment 

[0046] After once cooled, the tray was taken out from the oven and transferred to a graphite-made tray in a 10-mm 
thick iayer. The tray was again placed in the box type electric furnace and heated in a nitrogen stream at a rate of 
1 0^C/min up to a temperature of from 800 to 1200''C as shown in Table 1 below, at which the particles were maintained 

5 for 1 hour to conduct a second stage heat treatment. 

[0047] The resulting cartx)naceous negative electrode material was degassed (dried) in vacuum at 350**C for 1 hour. 
The adsorption isotherm and BET plot were obtained by nitrogen adsorption at a liquid nitrogen tenperature by use of 
AUTOSORB-1 manu^ctured by Quantachrom and analyzed t>y a Horvath-Kawazoe method to measure the volume of 
micropores having a pore size to 1 8 A. 

10 [0048] In order to measure the charge and discharge capacity of the resulting carbonaceoi^ negative electrode mate- 
rial, a test battery having the structure shown in Ftg. 1 was assembled. Negative electrode 1 was made by compressing 
a mixture of the cart)onaceous negative electrode material 1 m and 1 0% of polyvinylidene fluoride onto a stainless steel 
net 1 n having a diameter of 20 mm. arKi positive electrode 3 was made by pressing metallic Li foil onto a stainless steel 
net of the same size. A 1 mol/1 solution of UPF5 in propylene carbonate was used as an electrolytic solution (numeral 2 

15 indicates a separator and the electrolytic solution). As for a k}attery capacity, the negative electrode was made smaller 
enough than the positive electrode. Numerals 4. 5, 6. and 7 indicate a stainless steel-made battery case, an insulator 
made of polytetrafluoroethylene, charge and discharge terminals, and a gasket, respectively 

[0049] The test battery was charged to 0.01 V (with reference to Li electrode) at a charging current of 0.5 mA/cm^ 
and, white maintaining the voltage at 0.01 V. charging was continued until the charging current decreased to 0.03 
20 mA/cm^ or lower. Subsequently, the battery was discharged to 1 .5 V at a constant current of 0.5 mA/cm^. 

[0050] The measurements of micropore volume and charge and discharge capacity and efficiency were made on the 
resulting cartx>naceous negative electrode material. The results obtained are shown in Table 1. 

TABLE 1 



2nd stiage Heating Temp. 
(*C) 


800 


900 


1000 


1100 


1200 1 


Voliune o£ Micropores 
Smaller than 8 A (xlO~*) 
(cc/g) 


2.0 


3.2 


4.3 


5.2 


6.6 1 


1 Volume of Fores of 8-18 A 
(xlO-<) (cc/g) 


4.8 


6.0 


7.2 


8.4 


9.6 1 


Capacity (mA/g) 


460 


390 


335 


300 


270 1 


Efficiency (%) 


76 


77 


78 


80 


83 1 



40 



COMPARATIVE EXAMPLE 1 

45 

[0051] Masses (30 to 150 mm in size) of the green coke used in Example 1 were put in a graphite-made tray and 
heated in a box type electric furnace up to 800-1200°C at a rate of temperature rise of 10**C/min in a nitrogen stream 
as shown in table 2, at which tiie coke was maintained for 1 hour. The resulting coke was pulverized in a jet mill to obtain 
a carbonaceous negative electrode material having an average particle size of 11 to 12 pm and a maximum particle 
so slzeof45fxm. 

The measurements of micropore volume and charge and discharge capacity and efficiency were made on the resulting 
cartxyiaceous negative electrode material, same as tiie example 1. The results obtained are shown in Table 2 below. 
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TABLE 2 



5 


Heating Temp. (^'C) 


800 


1000 


1200 




Voliime of Micropores 
Smaller than 8 A (xlO~*; 
cc/g) 


9.6 


13.0 


15.1 


10 


Volume of Pores of 8-18 
A (xlO"*; ec/g) 


15.6 


21.9 


26.8 




Capacity (mAh/g) 


415 


285 


230 1 


IS 


Efficiency (%) 


58 


71 


76 1 



[0052] Green coke having a volatile content of 18% whicli was obtained by coking coal tar was pulverized in a rotary 
25 impact pulverizer and passed through a sieve of 86 jim to obtain fine particles having an average particle size of 1 8 urn. 
The particles were put in a stainless steel-made tray in a 10-mm thick layer and heated in a box type electric furnace 
up to 1 50**C at a rate of temperature rise of 1 0^C/min in an air stream and then up to a temperature of from 250 to 400**C 
as shown in Table 3 below at a rate of VC/nm, at which the particles were kept for 30 minutes to conduct a first stage 
heat treatment 

30 [0053] After once cooled, the tray was taken out from the oven and again placed in a box type electric furnace and 
heated in a nitrogen stream at a rate of 10**C/rnin up to 1000**C, at which the particles were maintained for 1 hour to 
conduct a second stage heat treatment. 

[0054] The same measurements of micropore volume and charge and discharge capacity and efficiency were made 
on the resulting carbonaceous negative electrode material. The results obtained are shown in Table 3. 

35 



TABLE 3 



1st stage Heating Temp. ("C) 


250 


300 


350 


400 


Volvmie of Micropores Smaller 
than 8 A (xlO"*; cc/g) 


2.7 


3.0 


3.7 


4.9 


Voltime of Pores of 8-18 A 
(xlO-*; cc/g) 


5.1 


5.6 


6.5 


8.9 


1 Capacity (mAh/g) 


351 


375 


400 


380 


1 Efficiency (%) 


74 


78 


80 


78 



COMPARATIVE EXAM P U^g 

[0055] A cartx)naceous negative electrode material was obtained in the same manner as in Example 3. except for 
changing the second stage heat treatment conditions to 450''C and 30 minutes. 

[0056] As a resuK of the same measurements as in Example 1 . the resulting cartx)naceous negative electrode mate- 
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rial had a total volume of rrBcropores smaller than 8 A of 28.5 x 10'"* cc/g. a total volume of pores of 8 to 18 A of 46.6 x 
10'"* cc/g. a capacity of 355 mAh/g. and an efficiency of 70%. 

EXAMPLE 3 

5 

[0057] The fine particles of green coke obtained in Example 2 were put in a stainless steel-made tray In a 1 0-mm thick 
layer and heated in a box type electric furnace up to 120''C at a rate of temperature rise of IC'C/min in an atmosphere 
of air containing 10% by volume of nitrogen, at which temperature the particles were kept for 30 minutes to conduct a 
first stage heat treatment. 

10 [0058] After once cooled, the tray was taken out from the oven and again placed in a box type electric furnace and 
heated in a nitrogen stream at a rate of lO'^C/min up to 1000**C. at which the particles were maintained for 1 hour to 
conduct a second stage heat treatment. 

[0059] As a result of the same measurements as in Example 1 . the resulting carbonaceous negative electrode mate- 
rial had a total volume of micropores smaller than 8 A of 3.1 x 10"^ oc/g, a total volume of pores of 8 to 18 A of 6.1 x 10' 
15 ^ cc/g. a capacity of 380 mAh/g, and an efficiency of 71%. 

EXAMPLE 4 

[0060] A carbonaceous negative electrode material was prepared in the same manner as in Example 3. except that 
20 the first stage heat treatment was followed by a second stage heat treatment at 450*^0 for 1 hour in a nitrogen stream 
andi further followed by a final heat treatment at lOOO^C for 1 hour in a nitrogen stream. 

[0061] As a resuK of the same measurem^s as in Example 1 . the resulting carbonaceous negative electrode mate- 
rial had a total volume of n^cropores smaller than 8 A of 3.9 x 1 0'"^ cc/g. a total volume of p>ores of 8 to 1 8 A of 6.7 x 1 0' 
^ cc/g, a capacity of 405 mAh/g. and an efficiency of 79%. 

EXAMPUES 

[0062] Green coke having a volatile content of 5.6% which was ok5tained by coking coal tar was pulverized in a jet mill 
to obtain fine particles having an average particle size of 1 1 ^im and a maximum particle size of 40 ^lm. The particles 
30 were put in a graphite-made tray in a layer 40 mm thick and heated in a box type electric furnace up to 450''C at a rate 
of temperature rise of 10**C/min in a nitrogen stream, at which the particles were kept for 1.5 hours to conduct a first 
stage heat treatment. 

[0063] After once cooled, the tray was taken out from the oven, and the yiekl of the first stage heat treatment was 
measured. The tray was again placed in the box type electric furnace and heated in a nitrogen stream at a rate of 
35 1 0^'C/min up to a temperature of from 800 to 1 200^*0 as shown in Table 4 below, at which the particles were maintained 
for 1 hour to conduct a second stage heat treatment. The yield of the secorxi stage heat treatment was also measured. 
[0064] A test battery was assembled by using the resulting carbonaceous negative electrode material in the same 
manner as in Example 1 , and the battery performance (capacity and efficiency) was evaluated by using a cell as shown 
in Fig. 1 in the same manner as in Example 1 . The results obtained are shown in Table 4. 

40 
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TABLE 4 



2nd stage Heating Temp. 
CC) 


800 


900 


1000 


1100 


1200 


Yield of 1st stage Heat 
Treatment (%) 


97.7 


97 .5 


97.4 


97.5 


97.3 


Yield of 2nd stage Heat 
Treatment (%) 


94.4 


95.1 


94.9 


94.7 


94.7 


Overall Yield (%) 


92.6 


92.7 


92.4 


92.3 


92.1 


Capacity (mAh/g) 


450 


385 


330 


300 


270 


Efficiency (%) 


75 


76 


77 


79 


82 



COMPARATIVE EXAMPLE 3 

2S [0065] A carbonaceous negative electrode material was prepared in the same manner as in Example 5. except that 
the first stage heat treatment was omitted. The results of the evaluation on battery performance are shown in Table 5 
below. 



TABLE 5 



1 Heating Temp. ("C) 


800 


900 


1000 


1100 


1200 


Yield of Heat 
Treatment (%) 


94.0 


93.7 


93.2 


92.6 


92.0 


Capacity (mAh/g) 


430 


360 


310 


280 


260 


Efficiency (%) 


72 


75 


75 


77 


79 



40 



COMPARATIVE EXAMPLE 4 

45 

[0066] Masses (30 to 1 50 mm in size) of the green coke used in Example 5 were subjected to the same heat treatment 
as in Comparative Example 3 arxi then pulverized in a jet mill to obtain a particulate cartx>naceous negative electrode 
material having an average particle size of 13 ^m and a maximum particle size of 45 ^m. 

[0067] The performance of a test battery using the resulting negative electrode material was evaluated in the same 
so manner as in Example 5. The results obtained are shown in Table 6 below. 



55 
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TABLE 6 



Heating Temp. (°C) 


800 


900 


1000 


1100 


.... 

1200 


Yield of Heat 
Treatment (%) 


96.0 


95.4 


95.0 


94.8 


94.3 


Capacity (mAh/g) 


420 


350 


300 


270 


240 


Efficiency (%) 


56 


66 


71 


74 





EXAMPLE 6 

[0068] A cartx>naceous negative electrode materiai was prepared in the same nnanner as in Example 5, except for 
20 varying the first heating temperature from 300 to GOO^'C as shown in Table 7 below (first stage heat treatment} and fixing 
the second heating temperature at 1 0OO^'C (second stage heat treatment). The perfbrnfiance of a test battery using the 
resulting negative electrode material was evaluated in the same manner as in Example 6. The results obtained are 
shown in Table 7. 



TABLE 7 



1st stage Heating Teap. 
("C) 


300 


400 


500 


600 


Yield of 1st stage Heat 
Treatment ( % ) 


98.8 


98.0 


96.5 


94.1 


Yield of 2nd stage Heat 
Treatment (%) 


93.5 


94.3 


95.6 


98.1 


Overall Yield (%) 


92.4 


92.4 


92.3 


92.3 


Capacity (mAh/g) 


325 


330 


335 


315 


Efficiency (%) 


76 


78 


76 





EXAMPUg 7 

[0069] A carbonaceous negative electrode material was prepared in the same manner as in Example 5. except for 
varying the first heating time from 0.5 to 5 hours as shown in Table 8 below(f irst stage heat treatment) and fixing the 
so second heating temperature at lOOO^'C (second stage heat treatment). The performance of a test battery using the 
resulting negative electrode material was evaluated in the same manner as in Example 5. The results obtained are 
shown in Table 8. 
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TABLE 8 



Is'b stage Hea'tlng Time 
(hr) 


0.5 


1.0 


1.5 


3.0 


5.0 


Yield of 1st stage Heat 
Treatment ( % ) 


98.8 


98.1 


97.4 


96.9 


96.5 


Yield of 2nd stage Heat 
Treatment (%) 


93.6 


94.2 


94.9 


95.8 


95.7 


Overall Yield (%) 


92.5 


92.4 


92.4 


92.8 


92 .4 


Capacity (mAh/g) 


315 


330 


330 


325 


330 


Efficiency (%) 


75 


77 


77 


77 


76 



20 

25 [0070] The same green coke as used in Example 5 was pulverized in a jet mill or an impact pulverizer to fine particles 
having an average particle size of 11 to 135 jim as shown in Table 9 below. The particles were subjected to first and 
second stage heat treatments in the same manner as in Example 5 except for fixing the second heating temperature at 
lOOC'C. The performance of a test battery using the resulting negative electrode material was evaluated in the same 
manner as in Example 5. The results obtained are shown in Table 9. 

30 

TABLE 9 



Average Particle size 
(pm) 


11 


21 


44 


79 


135 1 


Yield of 1st stage Heat 
Treatment (%) 


97.4 


97.6 


96.9 


97.8 


98.9 1 


Yield of 2nd stage Heat 
Treatment (%) 


94.9 


94.8 


95.9 


95.6 


95.6 


Overall Yield (%) 


92.4 


92.5 


92.9 


93.5 


94.5 


j Capacity (mAh/g) 


330 


330 


315 


310 


300 1 


1 Efficiency (%) 


77 


76 


75 


73 


71 1 



EXAMPLE 9 

[0071] Green coke having a volatile content of 25.2% which was obtained by coking coal tar was put in a stainless 
steel-made dish and heated in a box type electric furnace at 425°C or 450°C for 5 hours in a nitrogen atmosphere to 
55 obtain green coke having a volatile content of 19.1% or 12,6%, respectively. 

[0072] The above described green coke having a volatile content of 1 9. 1 % or 1 2.6%, respectively, the green coke hav- 
ing a volatile content of 5.6% used in example 5. and green coke having a volatile content of 25.2% without being 
heated, were pulverized in a jet mill to particles having the average particle size shown in Table 10 below. The particles 
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were subjected to first and second stage heat treatments in the same manner as rn Example 5 except for fixing the sec- 
ond heating temperature at 1000''C. The performance of a test battery using the resulting negative electrode material 
was evaluated in the same manner as in Example 5. The results obtained are shown in Table 10. 



TABLE 10 





1 Volatile Matter of 
Green Coke (%) 


5.6 


12.6 


19.1 


~1 

25.2 1 




Average Paxtxcle Size 
(Mn) 


11 


10 


13 


12 


15 


Yield of 1st stage 
Heat Treatment (%) 


97 .4 


96.7 


96.7 


95.4 




Yield of 2"^ stage 
Heat Treatment (%) 


94.9 


93.3 


92.7 


91.5 


20 


Overall Yield (%} 


92.4 


90.2 


89.6 


87.3 




Capacity (mAh/g) 


330 


315 


305 


290 1 




Efficiency (%) 


77 


75 


72 


69 



25 



[0073] While the invention has been described in detail and with reference to specific examples thereof, it wfll be 
apparent to one skilled in the art that various changes and modifications can be nrtade therein without departing from 
30 the spirit and scope thereof. 

Claims 

1 . A carbonaceous negative electrode material for nonaqueous secondary k>atteries including 

35 

0) not less than 2 x 1 0"^ cc/g of pores having a diameter of smaller than 8 A and 
(ii) not more than 15 x 10'"^ cc/g of pores having a diameter of 8 to 18 A. 

2. The carbonaceous negative electrode material according to claim 1. wherein said negative electrode material is 
40 particles having an average particle size of not greater than 100 (tm. 

3. The cartKsnaceous negative electrode material according to claim 1 . wherein said negative electrode material is 
particles having an average particle size of not greater than 50 ^m. 

45 4. The carbonaceous negative electrode material according to claim 1. wherein said negative electrode material is 
particles having a maximum particle size of not greater than 500 ^m. 

5. The cart)onaceous negative electrode material according to claim 1 , wherein said negative electrode material is 
particles having a maximum particle size of not greater than 200 |im. 

so 

6. The cait>onaceous negative electrode material according to claim 1 . wherein said negative electrode material has 
a volatile content of not more than 3% by weight. 

7. The cartDonaceous negative electrode material according to claim 1 , wherein said negative electrode n^terial has 
ss a volatile content of not more than 1 % by weight. 

8. The cartDonaceous negative electrode material according to claim 1 , wherein said negative electrode material has 
a crystal thickness Lc of from 1 0 to 50 A and a lattice spacing of a 002 lattice (d002) of from 3.40 to 3.55 A as meas- 
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ured by X-ray diffractometry. 

9. A process for producing a carbonaceous negative electrode material for nonaqueous secondary batteries compris- 
ing the steps of: 

5 

heating a particulate carbonaceous material having an average particle size of not greater than 100 ^m at a 

temperature of 250 to 650**C in an inert gas atmosphere; and 

then heating at a temperature of 700 to 1500**C in an inert gas atmosphere. 

10 1 0. A process for producing a cartKXiaceous negative electrode material for nonaqueous secondary batteries compris- 
ing the steps of: 

heating a particulate carbonaceous material having an average particle size of not greater than 100 ^m at a 
temperature of 50 to 400*^0 in an oxidizing gas atmosphere; and 
15 then heating at a temperature of 700 to ISOO^'C in an inert gas atmosphere. 

1 1 . The process according to daim 10, further comprising the step of: 

heating the particulate cart>onaceous material at a temperature of 250 to 650**C in an inert gas atmosphere 
20 before and/or after said heating at 50 to 400'*C in an oxidiztng gas atmosphere. 

12. The process according to daim 9, wherein said particulate cartx)naceous material is contrdled so as to have a vol- 
atile content of 3% by we^ht or less prior to heating at 700 to 1 500''C in an inert gas atmosphere. 

25 13. The process according to daim 10. wherein said particulate cartx)naceous material is controlled so as to have a 
volatile content of 3% by weight or less prior to heating at 700 to 1500°C in an inert gas atmosphere. 

14. The process according to claim 11. wherein said particulate cartx>naceous material is controlled so as to have a 
volatile content of 3% by weight or less prior to heating at 700 to 1500''C in an inert gas atmosphere. 

30 

15. A nonaqueous secorKtary battery containing, as a negative electrode material, a cartx>naceous material compris- 
ing: 

(i) not less than 2x10'^ cc/g of pores having a diameter of smaller than 8 A; and 
35 (ii) not more than 15x10'^ cc/g of pores having a diameter of 8 to 18 A. 

16. The nonaqueous secondary battery according to daim 15, wherevi said battery is a lithium ion secondary battery. 

40 
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